Abstract. Free-living cats (Felis catus L.) exploiting a waste-disposal site in rural Australia were studied for two years to investigate population structure and dynamics, and the relatedness of constituent individuals. The density of the population was equivalent to 700-750 cats km -2 , the sex ratio was heavily skewed towards males, breeding occurred from July to April, and kitten survival rates were low. A combination of observational data, biometrics and microsatellite loci analyses was used to assess the relatedness of individuals in the population; these methods yielded highly congruent results. Thus, a female kin-group of three was identified, there was no female immigration, the average relatedness amongst the population was high and there was no indication of male dominance. The results indicate that cats at the site formed a tightly structured group, rather than an ad hoc collection of individuals. The stable, resource-rich habitat of waste-disposal sites may generally support high densities of group-forming cats in rural Australia, and pose broad-scale but previously unrecognised problems for effective management of free-living cats.
Introduction
The domestic cat (Felis catus L.), is a widespread coloniser that has become established on all continents except Antarctica. In Australia, it has successfully established feral populations since European settlement (Abbott 2002) , and has been reported from such diverse habitats as subAntarctic islands (Brothers et al. 1985) , the central deserts (Gibson et al. 1994 ) and open forests (Mahood 1980) .
In Australian research, free-living F. catus has been described most commonly as a solitary species, with small, non-overlapping ranges of females included within the larger ranges of one or more males (Brothers et al. 1985; Phillips and Catling 1991) . This pattern of spatial organisation is common to all felids, with the exception of the lion and the cheetah (Liberg 1980 (Liberg , 1984 Liberg and Sandell 1994) . However, from overseas studies, the spatial organisation of F. catus has been found to vary in response to the availability of resources (Liberg and Sandell 1994) . Studies of groups of cats exploiting abundant food sites and coalescing as groups have been conducted at sites in Israel, Japan, Italy and England (Dards 1978; De Vito 1991, 1994; Mirmovitch 1995; Yamane 1998) . It has been suggested that, rather than being ad hoc collections of animals exploiting resource-rich sites, these are structured and functional populations of group-living cats. The groups are defined by the females through matrilineal lines and are maintained by recruiting female kittens and excluding nonrelated females (Kerby and Macdonald 1994) . Liberg and Sandell (1994) reviewed the results of 28 studies of F. catus from throughout the world. They found that densities of cats vary from less than 1 to more than 2000 cats km -2 and are related to general characteristics of the food supply such as food abundance, quality and dispersion. They concluded that group-living by cats is dependent upon human subsidies and is a response to rich food concentrations; group-living occurs where food supplies are rich and clumped. There has been no previous research investigating whether group-formation occurs in free-living cats in Australia, although several studies have reported such high local densities of cats (e.g. Domm and Messersmith 1990; Hayde 1992 ) that group-living would appear possible.
Throughout rural Australia, stable, resource-rich 'islands of opportunity' for F. catus exist in the form of rubbish tips (waste-disposal sites). These sites of abundant food are ubiquitous in the landscape and are a feature of almost all towns, mining sites, tourist resorts and homesteads, and are anecdotally known to support high densities of cats (Wilson et al. 1994) . This paper reports an ecological study of freeliving cats exploiting one waste-disposal site in rural Australia. It investigates (1) demographic characteristics of the population from trapping and direct observations, and (2) the degree of relatedness of the constituent individuals.
The assessment of relatedness or plausible parentage of free-living F. catus solely from field observations is difficult. F. catus is a cryptic, long-living, multiparous species; females have many partners and may share kittens. Previous studies of group-forming by F. catus have been undertaken in areas such as farms or urban food dumps where observations of females mating, giving birth and suckling kittens have been feasible.
In this study, the waste-disposal site comprises well hidden, inaccessible refugia used for resting and nesting by the cats, and most kittens cannot be observed until they leave the nesting site at weaning. Thus, polymorphic microsatellite loci analysis was used to test the conclusions reached from field observations. Specifically, we ask whether the cats exploiting the tip environment are an ad hoc assemblage of animals or a group in terms of their spatial organisation and relatedness, and whether any female kin groups (i.e. matrilineal lines) can be identified from the population.
Materials and Methods

Study site
The study was conducted at the Oberon waste-disposal site or rubbish tip in the central highlands of New South Wales, approximately 200 km west of Sydney, Australia. The Shire of Oberon supports a population of some 4200 people whilst the population of the Oberon township is around 2600. The climate is characterised by long, cold winters with frost and snow, and shorter, warm summers. The temperature ranges from as low as -8°C during winter, to over 30°C in summer.
The Oberon waste-disposal site is located 4 km from the town centre and is a 4-ha fenced, locked area open to the public for 1 h each morning and evening. The fencing prevents stock from straying onto the site, but does not present any barrier to the free movement of cats into and away from the tip. The area is surrounded on the south and east by small rural holdings and to the north and west by a large cattle property. Within the site are small areas of native trees and shrubs, as well as exotic shrubs, grasses and forbs. A creek line runs along the eastern boundary. The site is manned, with putrescible rubbish from the township being dumped separately from recyclable items, metal waste, car bodies and garden refuse. Putrescible rubbish is collected twice weekly from the township and dumped at the site. It provides a feeding site for cats whilst areas of metal waste, windrows and wood factory waste provide resting and nesting sites.
Field methods
In Australia, F. catus has been defined by Moodie (1995) as domestic, stray or feral, based on whether the animals' ecological needs are provided wholly, partially, or not at all, by humans. Although cats captured at the tip site fit Moodie's definition of stray, cats found away from the site could be either stray or feral. Thus the term 'free-living' is used here for the sampled cats, indicating that they are not domestic, but may be either stray or feral according to Moodie's (1995) definition.
Trapping
Trapping was carried out from October 1995 until November 1997, with a non-trapping period from May to September 1996. The trapping periods were necessarily dependent upon weather and tip activity and were therefore not standardised (Table 1) . Traps were set predominantly on, or next to, the putrescible rubbish at 5-m intervals at the tip site. The placement of traps varied with the amount of putrescible rubbish. The rubbish was buried at regular intervals so the area it covered varied from 20 m 2 to 50 m 2 over the period of study. Traps were also set away from the putrescible rubbish at sites within the tip boundary. These sites included windrows and areas of metal waste overgrown by blackberries (Rubus fruticosus), approximately 100 m from the putrescible rubbish.
Incidental trapping was also carried out at various sites away from the tip area, and all captured animals were processed and released at the capture site. Trapping away from the tip included sites in the forested areas of Kanangra Boyd National Park and the Jenolan Caves Reserve, 30-40 km south-east of the Oberon site. Other trap sites included the Jenolan Caves village area, 33 km south-east of the tip, open farmland between the tip and the forested areas, and the Oberon township. The distance of the incidental trap sites from the tip ranged from 4 km for farmland and the Oberon township to 40 km for Kanangra Boyd National Park.
Cats were captured in Mascot collapsible wire cage traps (60 × 30 × 30 cm) baited with fresh chicken. Trapping was more successful when the traps were partially enclosed in bags. This prevented the cats from attempting to reach the bait through the sides or back of the trap. Traps were opened overnight; daytime trapping was excluded because of the propensity of magpies (Gymnorhina tibicen) and currawongs (Strepera graculina) to enter and trigger the traps.
Processing
The cats were sedated in the trap using Domitor (Orion Corporation, Finland), a short-acting anaesthetic/analgesic containing 1 mg mL -1 of medetomidine hydrochloride, injected intramuscularly. A standard dose of 0.1 mL kg -1 was administered, and within 15-20 min the cat was sedated enough to be placed in a bag.
Animals were then weighed, sexed and aged. Age classes were assessed using the categories based on weight classes outlined by Jones and Coman (1982) , as well as on general observations of sexual maturity and tooth eruption. The coat colour and pattern were noted and general condition broadly assessed as poor, fair, good or very good based on observations of nutritional status, coat condition, general health and observations of external parasites. An ear biopsy (~4 mm diameter) was taken from each animal and stored in 70% ethanol for use in DNA analysis. Tissue samples were also taken from animals killed by NSW NPWS Pest Control Officers in areas away from the tip.
The breeding periods of the cats at the tip were assessed from observations of females. Approximate birth dates of kittens were calculated using changes in whole body weight as a function of age (Hall and Pierce 1934; Rosenstein and Berman 1973) .
All animals weighing >2 kg were fitted with a numbered, coloured collar. Smaller juveniles were marked with coded ear punches. Six cats (three males and two females at the tip, one male at Jenolan Caves) were fitted with radio-telemetry units (Sirtrack, New Zealand) and tracking with direct observation, was used to assess the proportion of time that radio-collared animals utilised the tip. Location of the signal was most frequently associated with subsequent sighting of the marked animal.
Observations
Observations were made during the trapping periods and interactions between cats were noted. Cats were identified by their numbered collars or by characteristic coat colours and markings. The numbered collars were essential to distinguish some individuals with certainty as the colour and coat patterns were similar and the animals were too wary to be approached. Of the 38 animals captured during the study, 20 were black or black with white spotting, 11 were tabby, 5 were orange, 1 was blue and white and 1 was tricoloured.
All observations were diurnal and conducted predominantly in the morning and late afternoon after the tip was closed to the public because the cats visited the putrescible rubbish in the greatest numbers to feed at these times. Nocturnal observations were not attempted because spotlighting disturbed both the cats' behaviour and the residents and stock of neighbouring properties.
Laboratory methods
DNA extraction
In all, 38 tissue samples were analysed. Of these, 26 samples were from animals captured at the tip and 12 were from animals captured/ killed outside of the tip. DNA was extracted using the high-salt method of Sunnucks and Hales (1996) .
Microsatellite amplification and analysis
Five microsatellite loci derived from F. catus (Fca8, Fca23, Fca43, Fca45, Fca90 ) and known to be highly polymorphic were utilised (Menotti- Raymond and O'Brien 1995) .
The PCR amplifications were carried out as described in Zenger and Cooper (2001) . Genotypic data for each locus were analysed using BIOSYS-1 (Swofford and Selander 1981) to obtain estimates of allelic diversity (A) and average heterozygosity (He) (Nei 1978) . Conformance to Hardy-Weinberg equilibrium was tested by the Markov Chain method of exact probability using GENPOP ver. 3.1 (Raymond and Rousset 1995) . Estimates of genetic relatedness (R) between each pair of individuals were made using KINSHIP 1.2 (Goodnight and Queller 1989; Queller and Poznansky 1997) .
Adult cats were then grouped according to various parameters (e.g. colour, age, site of capture) and average relatedness compared within and between the groupings. These analyses involved adult cats only to avoid skewing the results by including juveniles and subadults that could be either full-siblings or offspring.
Paternity/maternity
The parentage program CERVUS (Marshall et al. 1998 ) was used to assess maternity and paternity for all juveniles and subadults captured at the tip. This program derives likelihood ratios for parentage inference taking account of typing (mis-scoring of microsatellite loci) error, and defines a statistic ∆ for resolving parentage. This allows the assignment of maternity or paternity to the most likely candidate with a known level of statistical confidence.
Parentage analyses were carried out to assess (1) whether all juveniles/subadults captured at the tip were the offspring of four longterm resident adult females; (2) whether paternity could be assigned to any of the adult males captured at the tip; and (3) whether dominance by any male was apparent in the parentage of the juveniles/subadults captured at the tip.
The genotypic information on parentage was refined by reference to the observational data to exclude 'impossible' parents, and certain assumptions were used as an aid in determining parentage. Using the estimated age of cats at first capture, the following assumptions were made: (1) a juvenile or subadult cat captured towards the end of the study period would be unlikely to be a parent of any cat of the same or older age class; and (2) a juvenile or subadult captured towards the beginning of the study period could be a plausible parent of a juvenile captured towards the end of the study.
A mis-scoring error of 0.01 was used for the analysis. Characteristics of the data set to be considered using the CERVUS program (Marshall et al. 1998) included: (1) the null allele frequency estimate at locus Fca23 was >0.05, indicating that this locus should be excluded from the analysis (however, as there was no deviation from Hardy-Weinberg equilibrium at this locus, it was included in the analysis); (2) candidate parents were related at the full-sibling level to other candidate parents, which can result in an overestimate of the confidence level in assigned parentages and lower the success rate of the parentage analysis; and (3) some cats were considered as possible offspring and also as possible parents of juveniles captured towards the end of the study period.
To assign maternity, CERVUS was run four times with: (1) Cats 7, 8, 9, 36 as possible mothers and all subadults/kittens; (2) Cats 5, 7, 8, 9, 36 as possible mothers and all subadults/kittens; (3) Cats 7, 8, 9, 36 as possible mothers and tip subadults/kittens; and (4) Cats 5, 7, 8, 9, 36 as possible mothers and tip subadults/kittens. Maternity was assigned if the same candidate was selected in each of the four runs and the offspring was compatible at four or more loci with the maternal candidate.
The number of candidate parents and the proportion of candidate parents sampled were assessed from the field observations. From the observational data, four adult female residents and a fifth transient sampled at the tip were considered to be the only candidate parents for all of the juveniles/subadults captured at this site. All males captured during the study period, both at and away from the tip, were considered as candidate parents, but not the only possible candidates. Three adult males sighted at the tip were included as paternity candidates in the analysis.
Results
Field data
In all, 28 free-living cats were captured at the tip, including two neonates that were not processed, and 12 were captured at sites away from the tip. In the latter group, five cats were captured near the Oberon township, four at Jenolan, two at Oorong and one at Willowbank.
Trappability
From 439 trap-days at the tip, there were 60 captures/ recaptures, a capture rate of 13.7%. Fifteen cats were recaptured one or more times, and the number of recaptures as a percentage of captures provided a recapture rate of 53.3% (Table 2 ). There was no significant difference (χ 2 = 1.018, P > 0.05) in trap rates between seasons at the Oberon (Table 2 ). In contrast, the capture rates in various surrounding habitats were low. The 65 trap-days on farmland yielded a capture rate of 1.5%; from 165 trap-days at Jenolan Caves Reserve Trust (including the village area from which cats as domestic pets are excluded) the capture rate was 2.4%; 372 trap-days in closed forest areas of Kanangra Boyd National Park resulted in no captures. At the tip, more than 50% of the marked animals were recaptured at least once. Among age classes, 57.1% of juveniles/subadults were recaptured at least once, whilst 52.9% of adult animals were recaptured.
Age classes and sex ratios
From age at first capture, 12 adults, 7 subadults and 9 juveniles were captured at the tip, of which 18 were male and 8 were female; 2 neonates were not sexed (Table 3) . Away from the tip, 5 adults, 1 subadult and 6 juveniles were captured, of which 9 were male and 3 were female.
Breeding periods and survival rates of kittens
From observations of five presumed litters at the tip and beyond, four litters comprised two kittens and one comprised four kittens. Of these twelve kittens, seven were marked and five of these were subsequently recaptured as subadults and/ or adults. From the litter of four kittens, only one was captured and marked. The remaining kittens disappeared soon after leaving the nesting site. Two kittens from one litter survived to adulthood; two neonates from one litter were unmarked and survival is unknown; one kitten from each of the remaining two litters survived to subadult/adulthood. Tissue samples were taken from two juveniles (Cats 22 and 27) captured at the Jenolan Caves Reserve Trust, and from four juveniles killed by the Pest Control Officer in the township. Cat 22 was subsequently killed as an adult. Of 8 juveniles captured and released, 6 were known to have survived for several months, whilst 3 were known to have survived to adulthood.
Females could be assessed as pregnant only when the pregnancy was well advanced, and lactation could be assessed only when females were captured. One female (Cat 7) was observed to have had two pregnancies in both 1996 and 1997. Although Cat 8 was observed as 'possibly' pregnant in both 1996 and 1997 and also observed with a group of males in 1997, this animal was never recaptured, so breeding status could not be confirmed. Four cats (Cats 7, 8, 9, 36) were observed to be pregnant up to four times over the study period.
From estimations of the birth dates (Table 4 ) and thus approximate conception dates (gestation 63 days) of 16 kittens and subadults, as well as observations of periods of oestrus, pregnancy and lactation amongst females, the cat population at the Oberon tip has a breeding period from July through to April, and possibly throughout the year.
Densities, site fidelity and movement patterns
The density of the cats at the 0.04-km 2 Oberon tip is estimated as equivalent to 700-750 km -2 . From a possible 30 cats at the tip site (including cats captured and marked, plus cats not captured but individually recognised), 25 were categorised as long-term residents because of length of time and frequency of their sightings. Twelve animals were sighted at the tip for 12-24 months, nine animals were resident for 6-12 months and possibly more, and four animals were resident for 1-6 months.
Length of residency was dependent upon the estimated age of the animal, the date of first capture and the frequency of recaptures/sightings. For example, a cat first appearing towards the end of the study period may have been a resident for only 1-6 months but would be considered 'long-term' because of the high frequency of sightings (e.g. Cat 31). An adult animal captured early in the study period, but sighted/ recaptured only twice, was considered an occasional visitor (e.g. Cat 5). We estimated from observational data that nearly 90% of the observed long-term resident cats at the tip were captured. However, three long-term resident cats were never captured, nor were at least two occasional visiting animals.
Location of radio-collared cats was most frequently associated with sightings of the animals at the tip. The signal of all but one radio-collared animal at the tip was always located within the tip area, precluding assessments of distances travelled from the tip. However, the distance moved from the original capture point was assessed for three animals. Cat 24a, an adult male initially captured at the tip was found as a road kill 2.5 km from the tip. Cat 4, an adult male, was initially captured in farmland 4 km from the tip and subsequently was sighted at the tip. Cat 22, initially collared as a large male juvenile in the Jenolan Caves Reserve Trust, was subsequently shot as an adult 3 km from the original capture point. All distances were measured as straight lines between points, without reference to possible geographical barriers. Because of the heavily dissected terrain of the Jenolan Caves area, the real distance travelled by Cat 22 was probably greater than 3 km.
Interactions
Although several cats were frequently observed exploiting the putrescible rubbish at the same time, there were relatively few interactions between individuals. Of 330 observations of cats feeding, only 35 (10.6%) included interactions between animals. Whilst several animals visited the rubbish concurrently, they remained separated, with few instances of cats lying together or feeding as a group. Of the few interactions observed, 4 were of males running away at the approach of other males, 19 were of males associated with males (feeding or resting together) and 12 were of males associated with females, possibly indicating that the female was in oestrus. There were no observations of females interacting with other females.
Genetics Statistical analysis of microsatellite loci
The five microsatellite loci surveyed had moderate to high levels of variability with average heterozygosity = 0.62, and an average of 6.4 alleles per locus (Table 5, Appendix). All loci except Fca45, the most highly polymorphic, fitted Hardy-Weinberg expectations.
The non-parametric Mann-Whitney test indicated a significant difference in the average relatedness between adult cats captured at and away from the tip site (P = 0.015). The average relatedness of all adult cats grouped as follows were: (1) all tip cats = -0.5362; (2) all non-tip cats = -0.6504; (3) all female cats = -0.2105; (4) all male cats = -0.7688; (5) female tip cats = 0.2028; and (6) male tip cats = -0.6967.
Observational data of maternity/paternity
From the observational data, of the 27 male cats sampled:
(1) 12 were captured as adult males throughout the study period; (2) two juveniles (Cats 25, 26) were captured early in the study period and recaptured later in the study as adults, so could be included in paternity implications for one juvenile (Cat 31) on the basis of their capture dates and the capture dates of the juveniles; (3) two subadults (Cats 27, 28) and one juvenile (Cat 31) were captured late in the study period, so could be excluded from any paternity implications; (4) six subadults (Cats 11, 15, 16, 17, 20 and 21) could be included in paternity implications for only one juvenile (Cat 31) on the basis of their capture dates and the capture dates of juveniles; (5) one tissue sample (Cat 37) was collected from an adult killed towards the beginning of the study period, so could be excluded from paternity implications for any juveniles captured later in the study period; (6) two tissue samples (Cats 32, 33) were from juveniles that were killed and thus excluded from paternity candidature; and (7) Cat 2 was initially captured as a subadult and subsequently recaptured throughout the study period as an adult, so was considered a paternity candidate for all juveniles except Cats 25 and 26, and all subadults except Cat 11.
Of the 11 females sampled:
(1) Cats 7, 8, 9, and 36 were adult females throughout the study period; (2) Cat 5 was initially captured as a subadult, but was recaptured lactating within 2 months, so could be thus considered a breeding female, although not a long-term resident of the tip site; (3) Cat 6, captured as a subadult (from weight class) in very poor condition and believed to have subsequently died, could not be considered as a maternity candidate; (4) Cats 34 and 35 were juveniles killed away from the tip, so could definitely be excluded from maternity implications; (5) Cats 29 and 30 were captured as juveniles towards the end of the study and could thus be excluded from maternity implications; and (6) Cat 13 was captured away from the tip.
Of the subadults/juveniles sampled:
(1) Cats 32, 33, 34 and 35, captured in the township, were believed to comprise part of one litter and the mother was known not to have been sampled; (2) Cats 21, 22 and 27 were captured at Jenolan Caves and were not considered to be offspring of the adult females at the tip.
Parentage analysis
Of 14 offspring captured at the tip, 10 were assigned maternity in all four runs (Table 6 ). Maternity was assigned to Cats 9 and 36 for 3 juveniles/subadults each, whilst maternity was assigned to Cat 8 for 4 juveniles/subadults. No maternity could be assigned to Cats 5 and 7. Maternity could not be assigned to Cats 28 and 29 from amongst the four breeding females at the tip.
When offspring captured away from the tip were included in the calculations, no maternity could be assigned from any of the four breeding females at the tip. This agrees with the field observations, as the mothers of all of these offspring were not sampled.
Paternity could be assigned for 8 of the 10 offspring with a known parent from the maternity calculations. Cats 1, 12 and 24 were candidate parents for two of the offspring each, and Cats 3 and 23 were the candidate parents of one offspring each. All of these males were captured as large adults, and Cats 12, 23 and 24 were considered long-term residents of the tip site.
Discussion
The high density, relatedness and parentage assessment of the cats at the Oberon tip indicate a structured population of group-living animals, rather than an ad hoc collection of animals exploiting a resource-rich habitat. This discrete structuring contrasts with the usually low-density, solitary nature of free-living cats elsewhere in Australia (e.g. Mahood 1980; Jones and Coman 1982; Molsher et al. 1999) , but supports the contention (Macdonald 1983 ) that local resource abundance can be an important determinant of carnivore group size.
Density
Several studies have shown that the population densities of F. catus may vary greatly from less than 1 to more than 2000 km -2 (Apps 1986; Fitzgerald and Karl 1986; Mirmovitch 1995) . Liberg and Sandell (1994) reported cat densities of more than 100 km -2 in 6 of 28 cat studies from throughout the world. Such densities were found only in urban areas where there were rich supplies of refuse, or where cats were fed daily by humans (Liberg and Sandell 1994) . Intermediate densities of free-living cats (10-100 km -2 ) have been recorded on several islands, often in situations where the food supply is subsidised by edible material that is washed on the beaches or by nesting seabirds (review in Dickman 1996) .
The Oberon tip presents the scenario of a high population density of cats at a resource-rich site in a rural Australian context. The density of more than 700 km -2 at the Oberon tip is in line with densities reported from urban areas overseas (Dards 1978; Izawa et al. 1982; Mirmovich 1995) but far greater than densities reported from any previous cat studies in Australia (Newsome 1991) , including those from offshore islands, e.g. North-west Island, Queensland (100 km -2 : Domm and Messersmith 1990), Great Dog Island, Tasmania (56.9 km -2 : Hayde 1992) , and Althorpe Island (20-30 km -2 : Copley 1991).
The very high density estimated for the Oberon tip is derived from a small area (0.04 km 2 ), and it is possible that true density would be less if we had under-sampled the actual area used by the cats. However, the consistent population composition, limited immigration, direct observations and radio-tracking strongly suggest a dense and highly stable population of cats focussed on a resource hot-spot.
Parentage and relatedness
Parentage assessments for many species are apparent from field observations (e.g. Trichosurus vulpecula: Taylor et al. 2000; Cervus elaphus: Marshall et al. 1998 ). However, freeliving Felis catus exhibit behaviours such as multiple partnering and kitten sharing (Macdonald et al. 1998) , which mitigate against the assessment of parentage of not only subadults, but also juveniles, from field observations alone. Thus, joint analyses of polymorphic microsatellite loci and social behaviour, as used here, were expected to provide a wider base for investigating the social structure of the population of cats exploiting the Oberon tip. This twopronged approach provided greater certainty than either method alone, allowing genetic data to be interpreted and modified by reference to the observational data, and vice versa.
The observational and genetic data in this study have led to similar conclusions. The average relatedness was greatest for the resident females at the site and there was a significant difference between the average relatedness of those animals captured at the site and those captured away from it. The observational data suggested a long-term resident group of predominantly black or black/white cats exploiting the resource-rich site.
The genetic analyses indicate a female kin-group of three associated with the site, with these females contributing maternal alleles to more than 70% of the juveniles/subadults at the site. Mothers could be assigned to all but four of the subadults/juveniles from the site. Of these four cats, Cat 5 (captured initially as a subadult) was an occasional visitor, and Cat 6 was a tricoloured subadult in very poor condition, believed to be unrelated to the long-term residents at the tip site.
Although the site is potentially open to the free movements of cats, no other adult females became established as long-term residents at the site throughout the study. In contrast, adult males occasionally visited the site, or arrived as adults and became long-term residents. Paternity of the juveniles/subadults at the site was shared between resident and non-resident males, and no dominance by any one male was apparent. Liberg and Sandell (1994) suggested that cat colonies are true social groups, with membership of females being stable over time and based on kinship, whilst males are more loosely attached and adopt a roaming mating tactic. In this study, the adult female population was stable over the study period. The mean relatedness at the full-sibling level between adult females at the site was approximately twice that of the males, and the females remained within the tip. Conversely, the male population included adult immigrants, and some adult males were known to move several kilometres away from their original capture site. Liberg and Sandell (1994) proposed further that it is the utilisation and communal defense of a concentrated and stable food resource large enough to support more than one individual that allows adult female cats to live in groups. They concluded that such group living gives rise to behavioural advantages such as communal care and cooperative defense of kittens. Although such group assistance may have occurred in the cats studied here, the environment of the Oberon tip was too complex to observe interactions between kittens and adults. However, the close proximity of breeding females and close relatives at the tip suggests that communal care is possible.
Group living
On the Australian mainland, where F. catus is a feral predator, rural rubbish tips such as the Oberon site provide resource-rich habitats supporting high densities of cats, and may prove to be an important contributing factor to the status of F. catus as a widespread, successful coloniser on this continent. 
